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In addition to protective functions, keratinocytes secrete a 
variety of effector molecules that may have local or distant 
effects. To explore the secretory activity of keratinocytes we 
have developed a two-chamber culture model in which a 
fully differentiated stratified epithelium is present in the 
upper chamber and secreted protein is collected in a lower 
chamber. A collagen matrix is not used and during collection 
T he epidermis is traditionally thought of as an imper-meab le barrier providing protection against physical, chemical, and microbial insults . These functions are provided mainly by keratinocytes within the epider-mis and are achieved by the synthesis of a number of 
keratinocyte-specific products such as keratin filaments, membrane 
coa ting granules, and cornified cell envelopes. In addition to its 
barrier role, epidermal keratinocytes may be a source of secreted 
products that have local or systemic effects. Keratinocytes secrete a 
variety of cytokines that are thought to have local growth, meta-
bolic, and immunologic functions [1) . There is also evidence to 
suggest that keratinocytes secrete proteins that reach the circula-
tion. Apolipoprotein E (aro E), a 34.2-kD protein, is secreted by 
keratinocytes in culture [2 and when grafts of human keratinocytes 
are applied to athymic mice, human apo E is detected in the serum 
[3). Systemic delivery of apo E from epidermis may be related to its 
role in reverse cholesterol transport [4). The fact that a single epi-
dermal protein has been shown to reach the circulation suggests that 
other proteins produced by epidermis enter the circulation. It is 
conceivable , therefore, that epidermal and mucosal keratinocytes 
alter and regulate metabolic activities in distant organs through 
products secreted into the circu lation. As an initial step in an explo-
ration of this suggested function, we set out to develop an in vitro 
model in which protein secreted by keratinocytes can be identified 
and mechanisms of secretion examined. 
In seeking an ill vitro model for keratinocyte secretion, the two 
common keratinocyte culture methods were considered, but did not 
satisfy requirements for such a model (see Fig lA). In the Rheinwald 
and Green technique [5) , keratinocytes are submerged in medium 
and co-cultivated with gamma-irradiated 3T3 cells. Several aspects 
of this model prevented its use for the study of secretion, namely, 
that keratinocyte differentiation is incomplete, the direction of se-
cretion is upward through the more superficial cells, and 3T3 re-
maining in the culture also contributes secreted protein. In the col-
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of secreted protein, 3T3 feeder cells are absent. Keratinocytes 
secrete protein at the rate of 0.67 J.lg/h/l06 cells, encom-
passing a molecular weight range from several kD to over 
180 kD. Secretion is an unexplored area ofkeratinocyte biol-
ogy and this model will allow investigation of this activity. 
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lagen raft technique developed by Bell et af [6], keratinocytes are 
cultured at the air-liquid interface on a matrix consisting of fibro-
blasts and collagen, and are fed from the undersurface. Although the 
geometry is correct for secretion studies, i.e., secretion is downward, 
proteins secreted by fibroblasts in the collagen matrix would con-
taminate the collection. An additional problem we encountered in 
preliminary studies was an unacceptably high level of background 
protein as a result of collagenolysis. 
The model we developed consists of two chambers separated by a 
diffusible membrane. Keratinocytes are cultured directly on a per-
meable membrane insert in the upper chamber, and medium and 
supporting 3T3 cells are located in the lower chamber. To collect 
secreted protein, the insert is placed in a [ower chamber that lacks 
3T3 cells. The features of this model are described in this report. 
MATERIALS AND METHODS 
Cells and Media Epidermal keratinocytes from the thigh of a 23-year-old 
Caucasian man were cultured as described by Rheinwald and Green [5] 
using gamma-irradiated 3T3 cells and complete keratinocyte medium con-
sisting ofDulbccco's modified Eagle's medium (DMEM)/ F12 (3: 1) supple-
mented with 5% fetal calf serum (Hyclone), 0.4 ,ug/ml hydrocortisone, 
5 ,ug/ ml insulin, 1.8 X 10- 4 M adenine, 10 ng/ ml epidermal growth factor 
(EGF), 1.9 mg/ml N-2-hydroxyethylpiperazine-NI-2-ethane sulfonic acid 
(HEPES), 1.2 X 10- 10 M cholera toxin, 100 ,u/ml penicillin, and 100 II/ml 
streptomycin [7]. 
In Vitro Secretion Model Keratinocyte secretion was assayed in Trans-
wdl Nucleopore polycarbonate inserts (24 mm diameter, 0.4,u pore size, 
Costar) in six-well plates. On day 0, 2.5-3.0 X 106 lethally irradiated 3T3 
cells were plated in the lower chamber in a volume of 2 m!. On day 1, 
1.5 - 2.0 X 106 freshly trypsinized keratinocytes were plated on the polycar-
bonate filter in a volume of2 ml of complete keratinocyte medium. On day 
3, the medium in the insert and in the lower chamber was changed. On the 
fourth day, medium was removed from the insert and rhe keratinocytes were 
cultured at the air-liquid interface with daily changes of medium in the 
lower chamber. 
To coHect protein secreted by keratinocytes. the insert was placed in a new 
lower chamber that lacked 3T3 cells and contained collection medium. 
Collection medium consisted of complete keratinocyte medium lacking 
feta l calf serum and cholera toxin. Epidermal growth factor was present in 
collection medium but the EGF stock solution was prepared without bovine 
serum albumin (BSA). To reduce serum protein present in the epithelial 
tissue , the medium in the lower chamber was changed three times over a l-h 
period and discarded. Rinsing the epithelial tissue from above was avoided, 
as this caused ce ll lysis. Secreted protein was then collected in a volume of 
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Figure 1. Features pf the keratinocyte secretion model compared to other 
commonly used keratinocyte culture models. A) The basic features of the 
submerged [5] and raft [7] culture models for keratinocytes are illustrated. In 
submerged cultures on plastic surfaces, there is incomplete keratinocyte 
differentiation and the direction of secretion is anatomically incorrect. In 
addition, protein secreted by the 3T3 feeder cel ls contaminates the material 
secreted by keratinocytes. In raft cultures where keratinocytes are cultured 
on a collagen-fibroblast matrix, the direction of secretion is anatomically 
correct and there is excellent tissue differentiation. However, material se-
creted by fibroblasts in the matrix and material liberated by lysis of the 
collagen contaminates protein secreted by keratinocytes. B) The basic fea-
tures of the secretion model developed in this study are shown. Keratino-
cytes are cultured on a tissue insert in the upper chamber and 3T3 cells are 
present in the lower chamber. No collagen matrix is used. To collect mate-
ria l secreted by keratinocytes, the tissue insen is placed in a lower chamber 
that lacks 3T3 cells and contains a defined collection medium. 
1.3 ml of collection medium for a period of 6 h unless otherwise stated. 
Collection periods in serum-free medium over 24 h resulted in unacceptably 
hi gh levels of cell lysis. Collection medium in the lower chamber was 
removed and phenylmethylsulfon),l fluoride (PMSF) added to a concentra-
tion of 100 Jtg/m!. To measure protein content the medium was dialyzed 
against cold phosphate-buffered saline (PBS) and protein determined by the 
BCA Protein Assay (Pierce). 
Counting Cells Cell numbers were determined by repeated incubations 
of both the lower chamber and the insert in 0.5 mg/rnl trypsin at 37 ' C, until 
all the cel ls were dislodged. This usually required four to five cycles of 
trypsin. Cell counts were performed with a hemocytometer. 
Electrical Resistance Electrical transfilter resistance measurements were 
made with an Epithelial Volt Ohmmeter (World Precision Instruments 
Inc.) using inserts without cells as controls. 
Trypan Blue Permeability Permeability was measured with trypan 
blue. Both chambers were rimed with PBS. One milliliter PBS containing 
0.36% try pan blue was placed in the insert and 2 ml of PBS was added to the 
lower chamber. Movement of trypan blue at room temperature was moni-
tored at A S62 nm in aliquots of buffer removed from the lower chamber. 
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Metabolic Labeling Inserts were preincubated as described above for 1 h 
in DMEM Jacking methionine (met) and supplemented with EGF, insulin, 
adenine, and hydrocortisone at concentrations defined above [7). Label ing 
was then performed for 6 h in 1.3 mJ of fresh medium supplemented wirh 
SJ5met (1128.5 ,uCijmmole; New England Nuclear). In some experiments, 
Brcfeldin A (Epicentre Technologies) was added at 5 mg/ml during prein-
cubation and during the 6-h labeling. 
2-D Gel Electrophoresis First-dimension isoelectric focusing (lEF) gels 
were run according to the procedures of Dunbar (8). Medium from the lower 
chamber was precipitated in 2 volumes of cold acetone, resuspended in 
water, reprecipitated twO additional times, and solubilized in urea buffer. 
Aliquots containing 105 disintegrations per minute (DPM) were focused in 
the IEF gel with ampholines (Ph 3.5 -10; LKB) for 17,000 V -hr in a 1.5 X 
130-mm tube. The rEF gel was suspended in equilibration buffer, frozen at 
- 20'C and at a later time run in the second dimension by sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with a 5% stacking 
gel and a 10% resolving gel [9] . The gels were processed for fluoro graphy 
[10] and exposed to X-ray film at -70' C. 
Western Blot for Involucrin hwolucrin was assayed by Western blors 
[11] using a 6% polyacrylamide ge l. Protein was transferred to nitrocellulo~e 
using a tris glycine buffer with 0.1 % 5DS. Blots were incubated for 30 mm 
in 3% geJatin in eris-buffered saline (TBS), for 1.5 h in a 1 : 500 dilution of 
rabbit anti-human involucrin (the gift of Dr. Marcia Simon, State University 
of New York at Stony Brook), and for 1 h in a 1: 3000 dilution of goar 
anti-rabbit horseradish peroxidase (Bio-Rad). Color was developed in HRP 
Color Development Reagent (Bio-Rad) and hydrogen peroxide. 
Histology Cell cultures on inserts were fixed in 10% buffered formal in 
and embedded in paraffin. Sections were stained with hematoxylin and 
eosin. For immunohistochemistry , sections were deparaffinized. Involucrin 
antibody (Biomedical Technologies) was used undiluted. Following pre-
treatment with trypsin, AE2 antibody (ICN lmmullologicals) was llsed at 
1 : 50 dilution. Following digestion with trypsin and blocking with BSA 
(4%), filaggrin antibody (Biomedical Technologies) was used at 1 : 10 dilu- , 
tion . To determine whether keratin K16 was present, inserts frozen in OCT 
without fixation were stained with a monoclonal antibody to K16 (the gifr 
ofIrene Leigh, London Hospital Medical College). Color was developed on 
all sections using the Ultraprobe Universal Immunohistochemical Staining I 
Kit (Biomeda). 
Cell replication was studied by adding 200,ug/ml bromodeoxyuridine 
(Budr) to the culture medium 16 h prior to harvesting. Fixed tissue was 
embedded in paraffin, sectioned, and treated with 0.4 mg/ml pepsin fol-
lowed by 2 N HC!. The sections were then treated with anti-Budr antibody ' 
(Boehringer Mannheim) at a dilution of 1 : 15. Color was developed as 
above. 
RESULTS 
Features of the Keratinocyte Secretion Model The culture 
model for the study of keratinocyte secretion is illustrated in Fig 1 
and compared to the submerged [5] and organotypic [6] culture 
models. In the secretion model, keratinocytes are seeded directly on 
a polycarbonate membrane in the upper chamber of a tissue insert 
and 3T 3 cells arc placed in the lower chamber. After an initial 
pe riod in which keratinocytes are nourished from bo th upper and 
lower chambers, nutrient medium is added only to th e lower 
chamber, thus exposin g keratinocytes to the air-liquid interface. 
When secreted protein is to be collected, the insert is placed in a 
lower chamber without 3T3 cells and containing serum-free me-
dium. [n add ition to a more i"1 vivo geom etry, material collec ted in 
the lower chamber is not contaminated by protein secreted by 3T3 
cells. As a collagen matrix is not used, protein liberated by collagen-
o lysis is no t a problem. 
Tissue Differentiation Four days after raising of the tissue insert 
to the air-liquid interface, a thin stratified epithelium with an in-
complete stratum corneum was seen histologically. By day 11, the 
tissue h ad reached maximal thickness and had a complete and uni, 
form stratum corneum. By day 18, the tissue had thinned considera, 
bly, primarily as a result of a reduction in the M alpighian layer. In 
light of these morphologic changes, all further measurements wer~ 
made at day 11 . 
The stratified sq uamous tissue present at day 11 is shown in Fig 2, 
The basal layer was somewhat disorganized but the spinous, granu, 
lar , and cornified layers were well demarcated (Fig 2a). Immunohis-
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Figure 2. Morphology of keratinocytes in the itl Ilitro secretion model. a) 
Hematoxylin and eosin-stained cross-section ofkeratinocytes in tissue insert 
11 d after raising to the air- liquid interface. b) Immunostaining for involu-
erin. c) lmmunostaining for KljKl0. Bar, 0.5 mm. 
tochemical analysis of this material indicated that involucrin and 
K1/K10 were present in the suprabasal position (Fig 2b,c). Filaggrin 
and K16 were also detected in the suprabasal cells (data not shown) . 
These results show that the epithelial tissue formed in this model is 
stratified and expresses markers of differentiation. 
Cell Turnover and Growth Keratinocytes cultured on this raft 
model demonstrated relatively little growth. One day after lifting of 
the cultures to the air-liquid interface, there were 1.2 X 106 cells 
and by 18 d the number had increased to 1.7 X 106 cells, i.e., an 
increase of 42% over 18 d (Fig 3). To determine which strata con-
tained replicating cells and to measure the labeling index, ll-d 
cultures were labeled with Budr for 16 hand Budr-labeled nuclei 
were noted by immunostaining. Eudr-labeled nuclei were present 
only in the basal layer and the labeling index was 3.8% (124 positive 
among3268bu~~lh) . 
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Barrier Function The prsence of a well-defined stratum cor-
neum suggested that the tissue might have some ability to restrict 
passage of ions. On day 11, the electrical resistance of the filter alone 
measured 486 Dcm2, and with cells measured 747 Dcm2 • Madin-
Darey canine kidney cells, which have tight junctions and form a 
barrier to the movement of ions, have a resistance in the range of 
1000 Dcm2 [12]. Permeability was also measured by following the 
passage of trypan blue from the upper chamber to the lower 
chamber. As seen in Fig 4, in the absence of cells , trypan blue moved 
rapidly through the membrane but in the presence of cells there was 
virtually no movement of the dye through the epithelium in the 
80-min observation period. We conclude from these results that 
resistance to the movement of ions and small molecules is present at 
day 11 in this secretion model. 
Kinetics of Protein Accumulation in the Medium To moni-
tor the kinetics of protein secretion, protein accumulation in me-
dium of the lower chamber was monitored over a 24-h period. 
Collection was begun after a 1-b preincubation in serum-free me-
dium. Protein content was normalized to the number of keratino-
cytes in the insert. At the outset (zero time bar) there was 2 Jig of 
protein present per 106 cells (Fig 5). Protein content increased to a 
level of 18 Jig/106 cells over a 24-h collection period. This trans-
lates into an average rate of accumulation of 0.67 Jigjh/106 cells. 
Nonsecreted Material in the Lower Chamber Keratinocytes 
normally undergo a programmed autolysis of subcellular organelles 
in the upper granular layer [13] . This is likely to result in release of 
protein to the extracellular space. This non-secreted protein cou ld 
diffuse downward into the lower chamber and would be difficult to 
distinguish from secreted protein. To gauge the amOllnt of non-
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Figure 3. Cell growth in the i" vitro secretion model. To monitor growth. 
multiple inserts were seeded with 1.5 X 106 keratinocytes and 4 d later the 
inserts were raised to the air-liquid interface. At intervals after raising. the 
tissue was disaggregated in duplicate culture and cell number was measured 
in each. 
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Figure 4. Permeability of cultured epithelium to trypan blue. To detennine 
whether a permeability barrier was present at day 11, the upper and lower 
chambers were rinsed and filled with PBS. Trypan blue was then added to 
the upper chamber and its movement to the lower chamber followed by 
the AS62• 
secreted cel lular protein in the medium of the lower chamber we 
initially measured lactate dehydrogenase (LDH) levels in the me-
dium and compared this to LDH levels in sonicated cell extracts. 
However, LDH levels in the cell extracts were inconsistent, proba-
bly as a result of incomplete release. As an alternative, we examined 
the medium for presence ofinvolucrin. Involucrin is an intracellular 
protein and exists as a soluble pool prior to incorporation into the 
cross-linked cornified envelope [14]. Involucrin is not known to be 
secreted and its presence in medium of the lower chamber could 
only be explained by cell lysis, release, and diffusion to the lower 
-
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Figure 5. Kinetics of protein secretion. The rate of protein accumulation 
was measured on day 11 by removing medium from the lower chamber at 
various times after preincubating the lower chamber with serum-free collec-
tion medium. Protein content has been normalized to the number of kerati-
Ilocytes in the insert. The average of two experiments is plotted and the 
experimental values noted by the error bars. 
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Figure 6. Nonsecreted keratinocyte protein in the medium. To assess how 
much nonsecreted cellular protein was present in the medium, involucrin, a 
nonsecreted keratinocyte-specilic protein, was used as a marker. Aliquots of 
collection media (6-h) and sonicated cells contain.ing known amounts of 
protein were electrophoresed and probed for involucrin by Western blot-
ting. By comparing the intensity of bands in media and cell extracts, it was 
poss ible to determine chat 3.3% of the protein in the medium was nOllsectC-
tory cellular protein. (See Results for details.) 
chamber. Serial dilutions of cell extract containing 3 - 300 ng of 
total protein were electrophoresed and Western blotted for involu-
crin. As expected, involucrin appeared as a band of increasing inten-
sity (Fig 6). (The doublet involucrin band in Fig 6 may have resulted 
from proteolysis, which can occur in the medium of submerged 
keratinocyte cultures [15] .) On the same gel, aliquots of coll ection 
media (6-h) containing 0.3- 10 J1.g of total protein were electro-
phoresed and probed for involucrin. The intensity of the involucrin 
band present in 0.3 J1.g of media protein was the same as that present 
in 10 ng of cell extract. The involucrin detected in the medium wa~ 
derived from lysis of cells. If we assume that all the protein from 
these lysed cells diffused into the medium, then this result tells us 
that in 0.3 J1.g of media protein, there was lOng of cell protein and 
indicates that 3.3% of the protein collected in the medium wa~ 
derived from celJ lysis. 
Metabolic Labeling of Cells and Collection of Secreted 
Protein An additional source of nonsecreted protein in the lower 
chamber is residual protein from serum used in the nutrient me-
dium. To reduce contamination with serum protein, cultures were 
pre incubated for 1 h in serum-free medium. However, electropho-
retic analysis indicated the continued presence of albumin. It is 
likely that serum protein remains sequestered in the intercellular 
spaces of the multilayer epithelium, making it difficult to remove 
this material prior to collection. Rinsing the epithelium by adding 
medium to the upper chamber resulted in cell lysis and could not be 
used to remove lingering serum protein. We did not attempt to 
quantify th e level of serum protein present in the medium. 
To avoid this complication, the cultures were metabolically la-
beled with S35_met and only secreted protein that was radioactivel)l 
labeled was analyzed. The kinetics of accumu lation of S35_met _ 
labeled secreted protein are shown in Fig 7. There is little increase 
for the first 2 h, but from 2 to 8 h, labeled secreted protein steadil , 
accumulates_ Two-dimensional electrophoretic analysis of protein 
collected over a 6-h period is shown in Fig 8. It is difficult to 
estimate the number of spots, as this number varies with the dura-
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Figure 7. Kinetics of labeling of secreted protein. To monitor secretion of 
metabolically labe led protein. multiple cultures were labe led with 35 /lei! 
ml S35_met for the times indicated. The amount of acetone-precipitable 
radioactive material in the collection medium of duplicate cu ltures was 
measured at the times indicated. The average of the duplicate samples is 
plotted. the range being noted by the error bars. 
tion of exposure. A typical autoradiogram, such as the one shown in 
Fig 8a, contained about 70 spots. Molecular weights ranged from 
several thousand to over 180 kD. Some of the spots are likely to 
represent post-translational modifications of single proteins. We 
have not as yet identified these spots. To verify that these labeled 
proteins were indeed secreted, labeling was performed in the pres-
ence of Brefeldin A, a known inhibitor of secretion [16] . In the 
presence of this drug, one major and several faint spots were evident 
(Fig 8B), indicating that almost all of the labeled protein in the 
medium was secretory in origin. The lack of smearing of labeled 
spots suggests that partial degradation of secreted protein was not a 
problem. 
DISCUSSION 
A culture model has been described suitable for the study of kerati-
nocyte secretion. In this model (Fig I), keratinocytes form a differ-
entiated stratified epithelium, and although the basal layer is not 
well organized, there are clearly distinguishable granul ar and corni-
fied layers. Furthermore, on day 11 when morphology of the epi-
thelium appears optimal, markers of keratinocyte differentiation 
including involucrin, filaggrin, and Kl/KI0, as well as K16, are 
expressed in the suprabasal layers. There is a slow accumulation of 
cel ls over time with replication confined to the basal layer and a 
labeling index of3.8%, as measured on day 11 by a 16-h exposure to 
Budr. The figure of 3.8% closely approximates the index observed 
following pulse labeling of intact epidermis (3.5-4.9%) [17]. al-
though it is substantia lly lower than the 40% labeling index seen in 
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basal cells of submerged confluent cultures following 24-h labeling 
[1 8). K16 is expressed in our culture model and, although it is 
usually seen in hyperproliferative states, its expression can be disso-
ciated from the hyperproliferative state [19]. 
The epithelium in the ill vitro secretion model has barrier proper-
ties, as defined by its electrical transwell resistance as well as the 
failure of an organic dye to diffuse from the upper chamber to the 
lower chamber. The electric resistance 747 Qcm2 was less than the 
resistance reported for MDCK cells (1000 Qcm2 , [1 2]), but was sti ll 
above control values of 486 Qcm2 . As epidermal keratinocytes do 
not have tight junctions [20]' the electric resistance seen in our 
culture model is likely to be a property of the stratum corneum. 
Protein accumulated in the medium of the lower chamber at the 
rate of 0.67 ,ug/l06 cells/h over a 24-h period. The origin of this 
protein was the subject of some investigation. About 3.3% of the 
protein was estimated to be derived from nonsecreted cellular pro-
tein, possibly the result of programmed cell lysis in the granular 
layer. Protein derived from serum was also present in the collected 
material. We did not estimate the amount of serum protein present, 
although in Coomassie-stained gels, the prominence of albumin 
indicated that contamination with serum protein was a significant 
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Figure 8. Proteins secreted by keratinocytes. (A) S3s-met -labeled secreted 
protein was collected for 6 hand 3.7 /lg of protein containing 105 DPM was 
analyzed by two-dimensional gel electrophoresis. (B) To verify the secre-
tory origin of the labeled protein, sister cultures were metabolically labe led 
in the presence of Brefeldin A. An equal volume of co ll ection medium from 
the Brefcldin A-treated cultures containing 800 DPM and a reduced but 
unknown amount of protein was analyzed electrophoretically. The resulting 
autoradiograms were developed after 'I-week exposure. 
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factor. The problem with nonsecreted serum protein could be 
avoided by metabolically labeling with S35_met and examining only 
the radioactively labeled material in the medium. In this way serum 
proteins are not visualized and, based on the experiments described 
above, only 3.3% of the labeled protein would be nonsecretory and 
of cellular origin. Of the approximately 70 labeled spots resolved on 
two-dimensional gels, all but one prominent and several faint spots 
could be suppressed by the addition ofBrefeldin A. It is unlikely that 
these Brefeldin-resistant proteins are the result of cell lysis, as one 
would have expected a wide spectrum of protein from cell lysis. 
These Brefeldin-resistant proteins may represent a specific subclass 
of secreted material. We have not identified any of the secreted 
proteins on these two-dimensional gels. This is a subject for future 
studies. 
Although this culture model has been developed primarily to 
study keratinocyte secretion, it does have other applications, for 
example, for toxicity testing. The lack of a collagen matrix and the 
absence of 3T3 support cells offers a system in which keratinocyte 
metabolism can be examined in isolation. Another feature of this 
system is the consistency of good tissue differentiation. Whereas 
coll agen raft cultures have proved difficult to reproduce in our 
hands, we have been struck by the reproducible results with this 
new model in numerous experiments over the past 18 months. 
There have been two previous reports of similar culture models in 
which rat [21] and human keratinocytes [22] were maintained on a 
diffusible membrane support without a collagen matrix. Stratifica-
tion and formation of distinguishable cornified and granular layers 
was evident in both cases. This ill vitro secretion model is likely to 
have additional. uses in exploring keratinocyte biology. 
Epithelia involved in transport, such as renal tubular epithelium 
and absorptive epithelia of the intestine, and secretory epithelial 
cells, such as hepatocytes, have a polarity [23] . The plasma mem-
brane of each cell is divided into an apical domain that faces the 
external milieu and a basolateral domain, which is in contact with 
the mesenchymal· space and blood supply. Polarity in these different 
cells is generated by the asymmetric distribution of newly synthe-
sized proteins from the rough endoplasmic reticulum through the 
Golgi complex to the surface membranes of the apical or basolateral 
cell membranes. In addition, these domains are separated by tight 
junctions that encircle the cell and form a seal between cells. Kerati-
nocytes of the epidermis exhibit properties that suggest a polarity in 
secretory activity. Membrane coating granules assembled in the spi-
nollS and granular layers are extruded exclusively on the uppermost 
surface of granular cells at the junction with the stratum corneum 
[24J. Components of the basement membrane such as fibronectin 
[25,26] and laminin [27] are secreted by basal keratinocytes, pre-
sumably at the site of assembly at or near the basement membrane, 
that is, from the lowermost surface of the basal keratinocyte. An-
choring fibrils in the subepithelial matrix contain collagen Vll, 
which is derived from keratinocytes [28]. Secretion of collagen VII 
by the keratinocytes is presumably from the lowermost surface in 
close proximity to the basement membrane. Secretion of protein by 
basal keratinocytes and extrusion of the contents of membranous 
granules by keratinocytes in the granular layer occurs in such a 
manner as to suggest polarity in these cells. The phenomenon of 
keratinocyte secretion is a relatively unexplored area ofkeratinocyte 
research and information about this activity is likely to lead to an 
expanded view of the functions of stratified squamous epithelia. 
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